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AVANT OT 


ABSTRACT 


Several R factors from Pseudomonas aeruginosa were studied: 
Of these R931 and R3108 conjugally transferred to a FP. aeruginosa 
recipient at high frequencies but faulied to transfer to Escherichia 
coli. Other R factors (R1162, R679, R5265) were characterized by 
much lower transfer frequencies with P. aeruginosa recipients than 
R931 and R3108. However these R factors still transferred at higher 
frequency to P. aeruginosa than E. cols erecipients: AMF. acruginosa 
R factors could be divided into three groups by Seu Ostcal react ios. 

Transfer of R factor 921 to strain 280 was associated With the 
aquisition of satellite band in CsCl density gradient profiles of DNA 
isolated from strain 280. A similar satellite band could not be 
demonstrated for R factcr R679 upon transfer to strain 280 but could 


be shown after transfer to E. coii. Satellite bands were present in 





Strains 5205 and'a108. The buoyant densities of R. factors varied from 
Tey) OntLoml ss Lo 2/em>. Covalently closed circular R factor DNA was 
isolated by ethidium bromide-CsCl density gradient centrifugation and 
examined by electron microscopy. DNA of two major sizes was detected 


js DEORGUAD iaceh COUT ibs aula 


Mdal. The relationship of the smaller 
molecule to the R factor DNA was unclear. 

The percentage of R931 DNA relative to chromosomal DNA declined 
in stationary phase in drug free medium. After 126 serial subcultures 
in tetracycline or streptomycin the amount ae factor DNA increased 
over that in drug free medium and no difference existed in logarithmic 


or stationary phases of growth. No apparent change in buoyant density 


resulted. 
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Since the introduction of antibiotics as a means of controlling 
infectious disease, bacterial strains have emerged that are resistant 
to a wide variety of chemotherapeutic agents. An examination of the 
mechanisms of resistance reveals a variety of ways in which these 
organisms survive the presence of antibiotics. According to the laws 
of genetics, mutant strains should acquire resistance to only one 
antibiotic at a time and organisms resistant to several drugs should 
arise in nature only by the accumulation of successive mutations. 

Hence it is amazing that there has been a dramatic increase in the fre- 
quency of Enterobacteriaceae with multiple drug resistance in 
essentially all countries in which the problem was examined. In gen- 
eral aad multiple drug resistance of these microorganisms appears to 
have been acquired simultaneousiy. Genetic analysis has revealed 

that multiple drug resistance is specified by an extrachromosomal 
element which is referred to as a drug resistance or R.factor. 

Interest in drug resistance began in Japan where it centered 
around the problem of shigellosis. Shortly after World War II a large 
amount of sulfonamide was used for the treatment of bacillary dysentery. 
However, the effectiveness of the drug lasted for about five years 
and sulfonamide (SA)-resistant Shigella strains then appeared rapidly. 
Fortunately the production of antibiotics such as streptomycin (SM), 
tetracycline (TC), and chloramphenicol (CM) started in Japan around 
1951, and these were at first fairly effective against Shigella 
bacillary dysentery. Few isolates BAP r Sits to SM, TC and CM were de- 


tected between 1951 and 1955 with just 3,7,11 and 4 isolates resistant 
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to.either SM.or TC reported in Japan’in 1952, 1953, 1954 and 1955 
respectively (61,64). However with the increased use of these anti- 
biotics, the rate of isolation of antibiotic resistant Shigella strains 
increased enormously. By 1966, 79% of Shigella isolated were anti- 
biotic resistant (64). 

A multiple-resistant Shigella strain was demonstrated first 
in 1952 by Suzuki et al (61). This multiple resistance involved 
streptomycin, tetracycline, and sulfanilamide. In 1955, a strain 
of Shigella flexeri 4a was isolated and was shown to be resistant to 
4. drugs: SM, CM, TC and SA (61). A third isolation of multiple- 
resistant Shigella strains from an epidemic oceunred ineb956I(61). 
However other cases of bacillary dysentery caused by multiple-re- 
sistant strains were reported in 1956 from about one hundred thousand 
reported cases of bacillary dysentery (64). The spread of multiple- 
resistant Shigella strains in Japan at that time was not accounted for 
by epidemic spread of a strain resistant to 4 drugs because of the 
difference in serotypes of such strains. 

In 1957, Mitsuhashi isolated Echerichia coli strains resis- 
tant to 4 drugs (TC, CM, SM and SA) during an epidemic caused by S. 
flexneri 3a resistant to the same 4 drugs (61,64). Subsequently in 
1958 Mitsuhashi found in one patient E. coli, E. freundii and S. 
flexneri 2a resistant to TC, CM, SM and SA (61). In another patient 
from whom S. flexneri 2a was isolated which was resistant to CM, SM 
and SA Mitsuhashi isolated E. coli resistant to the same agents (64). 


A survey in 1960 showed that 1.3% of healthy human subjects 
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carried multiple-resistant E. coli (61). In contrast 61.0% of in- 
patients treated with CM and 20.5% of inpatients with tuberculosis 
and treated with SM carried multiple-resistant E. coli (64). 


These appearances of multiple-resistant Shigella and E. coli 





strains and the rapid increase in number of such strains attracted 
the attention of microbiologists especially from the standpoint of 
epidemiology. 

In 1959, it was reported independently by Ochiai et al (61) 
and Akiba et al (1) that multiple-resistance was transferable by 
mixed cultivation of Shigella and E. coli strains. This transfer of 
multiple resistance was not mediated by bacteriophages, deoxyribonucleic 


acids or other filterable agents but required direct cell-to-cell con- 


tact (59,64). Following mixed cultivation drug resistance was trans- 
mitted from drug-resistant E. coli K 12 F or Hfr to sensitive Shigella 





regardless of the polarity of the F agent (59). These facts indicated 
that the transferable drug resistance is transmitted independently of 
the chromosomal transmission of donor strain and this agent is different 
from the F factor. Also, it was observed that this transferable drug 
resistance was spontaneously and irreversibly lost from cells during 
storage (61). Similarly, this transferable drug resistant property was 
lost artificially from resistant strains of Shigella or E. coli by 
treating them with acriflavin (60, 104). Also, transmission of drug 
‘resistance was interrupted by blender treatment of mixed cultures (64). 
These findings indicated that transfer of drug resistance was mediated 


by cell-to-cell contact, namely by conjugation and that the transferable 





















cet to BOLIN skevands-al © .¢10) Glo oo ioisieor-aigts tam babaee 


aicolus rsd: date 25191 sannt io ré. 0£ bos MO daiw botonre wtoet sag 


/ 
Ney isc 9 ieicdatearr 914 oer hotrypa Ma (3167 beans am 
- ay 
Tt a . i" = 7 
b1od* 9 Gna pllegid® ‘idoaeiwet-olqisian I ent ate rt suder . : 


hessevsas falcvie Hove do yedmun ot oeberock biyew ofs Bie See 


‘ 
te seitoginese ait? mort Vi! sjee atcigololdoyvd ia Qo -nepatiegds ods 


vgetotmabigs 


(iw) fg. a0 twialoO” edt ‘Ttndhnieqsbatr burtuget saw 1} /C2OP ae 


ql eidesegerd eau syandsteor-0lqs tium-ded? (1) ie ge eee 
la stem at es a 7 aa oe! 
io Tehannns aPlr” .enwrniie t155 .2 Unk bldeetie So mi gevidige aa 
bee | Sap ee aa 
F - - : - - 2 - « * « 
bel guntbioas TeSuhitiieisorsea vd boiecboe Joa exw’ dpkeaeeeeeleeee 
‘Foxy ’ Parc ~ ? 7 we - 49 ; ~~ i 3 eg ; a a “4 
«02 gnentd-[149 Ioatlb 05) 1993s Ju. ethene Slenessl)a Tenge wr abtae 


‘ 


¥ ~an67T3 yn oP Ty rie , gua ‘i . a1 Vi j bas Fhe p i 8 uv! end [oq Crh, O25 gon2 


cf * a ' a ed . A | ~ 5 ts «dh f be, 
tod aawe Vir3ienne 2 HH 10 “TLE 2 Msielet-gysh mot Bape 


beyaolbal atoud seaut.. (02) amenn Y ay Io vel ‘toe. gh} Bo asolbveges 

co. vi svehaes, shat baabtmans 4 ar woutletoe: aveb atdnastamera sey todd 
SnegeTtibh wf dna@as adda ben atwrse tacnh fo. wolseraanesd Iamoeumoyde ele * 
wah sieepaieacrs xtdts tods baytesda auw 3% CRIA . 709907 9 aff? aeee ) 
yelrub ai Ten-ndxs sau Nid tatevis ti Soe ‘i asidedasuigals 2iw ita 
aa uth erihgetenas: aids .vivebionké tt 3887028 


Exo pitagiie Io vaitorss aokratnor we? Pannen 
ae . ae 


le a 










x 28 





i . 2 a de j ' 


oa _a* 


aye 


drug resistant agent exists independently of host chromosome, At the 
conference of infective heredity held in 1962 at the National Institute 
of Genetics, Mishima, Japan, Japanese geneticists agreed to use the 
term “R' factor for the property of transmissible drug resistance. It 
has been found that.R factors are transferable among all species of 

the family of Enterobacteriacea (40), the Vibrio group (7), and 
Pasteurella pestis (37). 

Since the discovery of R factors in Japan extensive epidemio- 
logical studies carried out in Japan (64), England (3,24), the Netherlands 
(29), Switzerland (29) and the United States (86) have shown that in 
numerous clinical suse ene R factors are the agents responsible for 
transferable resistance to antibiotics in Enterobacteriaceae. The 
occurrence of transferable drug resistance has been documented in domes- 
tic animals (4,89,100) and fish (108), particularly when antibiotics are 
used as routine diet additives. 

In Table 1 are the different resistance markers found on 
different R factors. 

Transduction experiments carried out in Salmonella and E. 
coli with phages P22 and Pl led Watanabe and Fukasawa (103) to propose 
that R factors consist of a transfer unit (RTF segment) linearly 
linked to drug resistance determinants (xr determinants). The transfer 
unit mediates transmission of the plasmid during bacterial conjugation 
‘while the r determinants carry genetic information specifying resist- 
ance to antimicrobial agents. Recent studies by Anderson and his colla- 
borators (2,5) on Salmonella and by Mitsuhashi and coworkers (46, 62) 


“ 


have shown that the transfer unit of at least certain classes of R 
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TABLE 1. 


Resistance to: 


Ampicillin 
Chloramphenicol 
Kanamycin 
Neomycin 
Streptomycin 
Spectinomycin 
Gentamicin 
Sulfonamides 
Tetracycline 
Colicinogenic factors 
Mercury 

Nickel and cobalt 
Viruses 


Ultraviolet light 


Resistance markers found on different R factors (29) 
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factors can be transmitted alone as well as in combination with resis- 
tance determinants. Furthermore, both groups of investigators have 
found that ordinarily non-transmissible R determinants occurring in 
Nature, can interact with RIF units which are then able to effect 
their passage into recipient (R ) bacteria. Once within a recipient 
cell, the linked transfer and,resistance units replicate independently 
of each other (6). 

The earliest studies on the molecular nature of R factors 
showed that heterogenous satellite bands of DNA are associated with 
the presence of R factors in several bacterial species (32,76). How- 
arer the method of nucleic acid extraction (54) that was used in 
these experiments yielded DNA having a maximum molecular weight of 10- 
15 million daltons (76) while the molecular weight of R factor DNA 
was estimated at more than three times this size (76). Because the R 
factor was not intact in these studies it could not be determined 
whether the several R factor satellite bands identified by cesium 
chloride (CsCl) gradient centrifugation reflected intramolecular hetero- 
geneity with a single fragmented R factor species or whether they were 
physically distinct R factor subunits. Recently, procedures were 
developed to obtain high molecular weight plasmid and chromosomal DNA 
from bacteria (9,30) and methods have become available to separate 
DNA species which have only small differences in nucleotide base com- 
position (66). 

Studies on the molecular nature of R factors Rl and R6 in 
Proteus mirabilis by Cohen et al (20,21) have revealed that the total 


amount of R factor DNA and relative amount of each of the satellite 
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band components of this DNA varied markedly at different stages of 
bacterial growth. In the early logarithmic phase bacterial growth 

the R factor DNA represents 3% of the total DNA and only a single 
satellite peak banding at a density of 1.710 Seen an CsCl. Later 

in the logarithmic phase growth a second satellite band having a buoyant 
density of 1.718 e/cm appeared and the fraction of the total DNA 
represented by the R factor increased by about three fold. After 

eight to twelve hours in the stationary phase, the R factor comprised 
almost 50% of the total DNA and consisted almost entirely of the DNA 
species banding at 1.718 Eire Similar findings have been observed 

by Rownd et al (78). Using cesium sulfate-mercury gradient cent- 
rifugation Cohen and his associates were able to resolve the 1.710 peak 
into two separate component units having buoyant densities of 1.709 

and 1.711 efem. Electron microscopic examination of the DNA sampies 
taken from all three fractions of R factor DNA showed molecules appearing 
as both closed, tightly twisted coils and relaxed circies. . 

A summary of the R factor species isolated from Proteus 
mirabilis is shown in Table II. 

The approximate molecular weights were calculated from the 
contour lengths of R factor DNA using the relationship of 2.07 megadaltons/um 
(51). The values shown for contour lengths of Rl indicate one standard 
deviation. 

Thus the buoyant density observed for the largest or the) three 


circular DNA species agrees with the calculated buoyant density that 
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TABI LL: Summary of R factor species isolated from Proteus mira- 
bilis (20). 
Buoyant density in Retactor KA 
CsCl (g/cm) Contour length Cal. mol. wt. % Guanine plus 

cytosine 
content 

09 23745 17 om 20 xX oda icons 50 

Lara 33 + 0.8 um 68 x 10°daltons 52 

Weyl e715 5 + 0.5 um 10 x 10°daltons 58 


would result from the joining of the two smaller units of the observed 
buoyant densities. Also, the sum of the two contour lengths of the 
smaller unit is approximately equal to the length of the large species. 

Since different levels of antibiotic resistance can be con- 
ferred by the same R factor in different host bacterial species (102) and 
prominent differences exist in the amount of R factor DNA present in 
Proteus mirabilis versus E. coli Ce concn et al examined the R factors 
Rivand Reon. Ee .coddy, 

The R factor DNA cannot be separated from chromosomal DNA 
in E. coli by CsCl equilibrium centrifugation because the buoyant den- 
sities of the E. coli chromosome and R factor DNA are too similar. 
However, the circularity of R factor DNA (19 ,20,33,67) provided a 


means of achieving separation of the R factor from the E. coli 
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chromosome. Vinograd and his collaborators (98) have shown that 
covalently closed circular DNA has enhanced resistance to both heat 
and alkali denaturation. In addition, the interaction of closed cir- 
cular DNA with ethidium bromide and certain other intercalative dyes 
yields DNA of a different buoyant density than is observed when these 
dyes interact with linear DNA or with circular DNA having one or more 
single strand scissions. By using alkali denaturation Cohen et al 
(20,21) was able to show the buoyant density of chromosomal DNA in- 
creased, whiie Re comprising less than 5% of the total DNA 
remained at the previous buoyant density (0 = 1.710) suggesting a 
covalently closed circular form. Similar results were obtained by 
Rownd et al (79,78). Preparative centrifugation of 2H-labelled DNA 

in CsCl in the presence of ethidium bromide revealed in addition to 
the major peak a second peak banding at a buoyant density shown by 
Vinograd and his collaborators (98) to be Ghavacteristic of closed 
circular DNA. Electron microscopic examination of the R factor showed 
that most molecules were 31 to 38 um in length (20). tasers R factor 
species in E. coli appear to express both the resistance and transfer 
function of R factor in this host and is indistinguishable in buoyant 
density and molecular weight from the largest of the three R factor 
species identified in Proteus. The dissociation and replication of R factors 
into separate independent plasmids is under relaxed control in Proteus 
whereas both replication and dissociation of R factor DNA are more 
stringently controlled in E. coli. Thus, the conflicting genetic 


evidence of Watanabe (102) on the one hand and of Anderson and 
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Mitsuhashi (5, 46, 62) on the other can now be reconciled. 

The R factor density profiles in Proteus mirabilis depend 
on the conditions under which host cells are cultured (78,/79,80). 
When" P. mirabilis is cultured in drug free medium for a long period 
the R factor DNA forms a satellite band of density 1.712 eieme whose 
proportion is about 8% of cae DNA. After prolonged growth 
in medium containing any of the drugs to which the R factor confers 
resistance (except tetracycline) a larger satellite band whose pro- 
portion is 60% of chromosomal DNA of density legis e/om is observed. 
These two types of density profiles are interconvertible. In tnese 
transitions a broad and diffuse band of intermediate density is inter- 
mediate in this transition. This band is apparently a collection of 
molecules having a broad spectrum of density between ie /di2eand 
1.718 g/cm? (78, 79580). 

According to the model presented by Rownd et al (78,79 ,80) 


the R factor dissociated spontaneously into two DNA components of den- 


Srtyedigi2eandiie 719 e/em when harboured by P. mirabilis. 





fhe Wesil2 e/em> component is the RIF and it also harbors the 
genes specifying TC resistance. This element replicates under re- 
laxed control: i.e., there are multiple copies per celigoedhemis 719 
g/cm contains the remaining drug resistant genes and this element 
replicates under a stringent control mechanism; only one round of 
r-determinant replication occurs during each division cycle. However, 
when r-determinants are attached to an RTF-TC to form an Riiactorgethe 


composite structure replicates under relaxed control. 
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In medium containing appropriate drugs there is selection 
for cells that harbour the most r-determinants because these cells 
have the highest drug resistance and grow most rapidly. Such cells 
result from the incorporation of multiple copies of r-determinants into 
individual R. factors. . This. situation restores the potential for cells 
to harbour multiple copies of r-determinants by virtue of their attach- 
ment to RTF-TC and thus their replication under the RIF replication 
system. The DNA of R factors that harbour only a few copies of r- 
determinants is manifested as a broad band of intermediate density. 
The-density cf R factors with many copies of r-determinants is esset- 
tially the same as that of r-determinants themselves since most of the 
R factor DNA is from r-determinants. In cells so grown the proportion 
of DNA in the satellite band is considerably greater than that in cells 
grown in drug-free medium because incorporation of additional copies 
of r-determinats has increased the size of R factor. 

When P. mirabilis is cultured in drug-free medium, R factor 
dissociation should proceed to completion since there would be no 
selection for high levels of drug resistance. The RTF would replace 
R factors in the multicopy pool of episomes that replicate under re- 
laxed control. Thus, there is a shift in density of R factor DNA to 
Ly 712 g/em, A band correspOnding to r-determinants would not be 
observed since a single copy of r-determinants per cell would be too 
small in proportion to register as a detectable satellite band. 

Experiments similar to those by Rownd et al (78,79,80) but 
using Ran Ene cold. and Rt Serratia marcescens have shown that there is 


no change in the density profile of R factor DNA during growth in a 
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medium containing drugs (78,79). Thus the available evidence suggests 
that the R factor exists as a composite structure in both these species 
and that the transfer factor and r-determinants do not dissociate and 
reassociate as they do in Proteus mirabilis. 

Initially various workers reported that there was no trans- 
ferrable drug resistance in Pseudomonas (31, 64). However, recently 
transfer of multiple drug resistance in Pseudomonas utilizing E. coli 
strains as recipients was shown (36,74,86,94). Apart from the clinical 
importance of intergeneric transfer of this type, the survival and 
effective functioning of drug resistance genes in such dissimilar or- 
ganism are of interest. Since E. coli did not appear to be a good 
physiological choice, Bryan et al (14) explored the possibility that 
intrageneric matings would permit higher frequency of drug resistance 
transfer and patterns not detected by intergeneric matings. By mating 
three donor strains of P. aeruginosa they found the hybrid strain ob- 
tained generally demonstrated a slightly lower resistance to streptomycin 
than the donor; although the level was considerably higher than when 
the R factor was transferred to E. coli. These strains 931 Fab 19.081 162 
transferred double drug resistance by conjugation to a P. aeruginosa 
Sean Oy 


recipient 280 at frequencies of 1077, 10 respectively. 


> 


Two of the strains 1162 and 679 transferred to E. coli at much lower 


eet respectively while 931 could not be demon- 


frequencies 10 
strated to do so. Transfer of drug resistance from P. aeruginosa to 


E. coli has been reported to occur with low frequencies (87) except 


in a few instances (36, 94). Stanish and his collaborators (91) have 
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The molecular nature of R factors originating in P. aeruginosa 
was first described by Grinsted et al (39). RP1 was a covalently 
closed circular DNA of molecular weight 40 million daltons and of 
buoyant density 1.719 g fem? (6078CGC)— (This Refactorqwasgireely 
transmissible between strains of E. coli, P. aeruginosa and P, 
mirabilis at a frequency between 10°? and 107°, Analytical CsCl 
gradient centrifugation revealed a satellite band in E. coli and in 
Proteus mirabilis containing the R factor RP1l; however no satellite 
band was seen in P. aeruginosa containing thiceRrbactor,telhisjwas 
stated to be due to insufficient resolution by their equipment. Using 
ethidium bromide-cesium chloride density gradient centrifugation, 
two molecules of closed circular RP1 DNA per chromosome equivalent was 
calculated for E. coli whereas in P. aeruginosa one molecule of coval- 
ently closed circular RP1 DNA per chromosome equivalent was estimated. 
In the profile of analytical CsCl gradient centrifugation, satellite DNA 
was about 12% of chromosomal DNA in P. mirabilis whereas in E. coli 
satellite DNA was about 5% of chromosomal DNA. Hence, there are more 
molecules of RP1 DNA per chromosome equivalent in P. mirabilis than in 
E. coli indicating that replication of RP1 DNA is more strictly controlled 
in P, aeruginosa than in P. mirabilis. 

In P. aeruginosa, Grinsted's R factor RP1 transferred drug 
resistance at frequencies of 10? to 10% fold greater than the R factors 
1162, 679 do to an E. coli or P. mirabilis recipient. One Po aerug= 
inosa strain 931 did’ not transfer drug resistance to #. coli or F. 


mirabilis. However, these R factors 1162, 679 and 931 isolated by 
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Bryan et al (14) transferred resistance from P. aeruginosa to a P, 
aeruginosa recipient at frequencies of 1 to 10-4 whereas RP1 trans- 
ferred resistance to a P. aeruginosa recipient at the same frequencies 
Beer cecoece tos, coli or P. mirabilis” (1.e% ik oh The difference 
between the R factors described by Bryan and those of Grinsted appear 
to be that these R factors 1162, 679 and 931 are host restricted. As 
a result, these could be a unique group of R factors. Even within the 
P. aeruginosa mating system the R factors have an unusual behaviour. 
R factor 931 acts as a naturaily occurring derepressed strain in the 
original host but undergoes significant decline in transfer to the 
recipient P. aeruginosa strain 280. It appears to act repressed in 
the recipient. 

Besides this, there exists the medical importance of transfer 
of plasmids conferring multiple drug resistance especially when P. aeru- 


ginosa are widely distributed throughout nature. 
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MATERIALS 


Reagents: All chemicals were of reagent grade and were obtained 
from commercial suppliers. Ribonuclease and deoxyribonuclease 
(2400 units/mg) were obtained from Worthington Biochemical 
Corporation, Freehold, New Jersey, U. S. A. Brij-58 (polyoxyethylene 
(20) cetyl ether) was obtained from Atlas Chemical Industries, 
Wilmington, Delaware, U. S. A. lysozyme, sodium lauryl sulfate, 
and ethidium bromide were obtained from Sigma Chemical Company, 
St. Louis, U. S. A. Cesium chloride was obtained from British Drug 
Houses Limited, Poole, England and from Fisher Scientific Company, 

32 


New Jersey, U. S. A. P and tritiated thymidine triphosphate were 


obtained from New England Nuclear, Boston, Massachusetts. 
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METHODS 
A. Organisms and Genetic Transfer 

1, Organisms 

The following organisms originally obtained from clinical 
specimens were kindly provided by Bryan and coworkers. 
Recipient P. aeruginosa strains used in conjugations were rifampicin 
resistant derivatives of strain 280 (280 rif‘). Donor P. aeruginosa 
Stmaine were. 731.079" b162,092605,.007105..38195 4503 and 3108. 45. 
coli Ku12 8. (ATCC 14948) was used as a recipient in intergeneric 
matings. RP4, another P. aeruginosa donor strain was kindly pro- 
vided by G. A. Jacoby, Massachusetts General Hospital. The nomen- 
clature used to designate Rt recipients is the strain number 
followed by the number of the R factor. Thus strain 280 which 
has received the R factor from strain 931 is 280R931. 
2. Media 

Media used was Trypticase Soy (TS; BBL), and MacConkey agar 
GOeECO) 
3. Strain, Characterization 

The strains were characterized by | Laboratory of 
Public Health using oe methods of Cowan and Steel (23) except 
acetamide hydrolysis (16) and growth in triphenyl tetrazolium 
chloride (99). 
4. Mating System 

Mating mixtures were prepared with a 1:1 or 1:10 donor to 


recipient cell ratio. Recipient and donor strains were grown 


in TSB and adjusted to a cell density of 0.5 Agog unit (Beckman 
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DBG spectrophotometer) prior to mixing. Five ml of mating mix- 
ture was added to a 150 ml medicine bottle which was then posi- 
tioned flat side down in a 37°C incubator. Mating was inter- 
rupted by vigorous agitation and the cell density was adjusted 
to 0.5 absorbance units at 600 nm with TSB. 
5. Selection Methods 

Selection was carried out after mating the donor x 280 rit. 
and then by plating 0.1 ml of serial ten fold dilutions on TS 
agar containing rifampicin (100 ug/ml) and the drug to which re- 
sistance was transferred. For recipient strain 280 the con- 
centration of streptomycin, tetracycline and gentamicin incor- 
porated in the medium was 16, 5, 25, and 1 ug/ml respectively. 
Selection in intergeneric matings was carried out by mating donor 
oe COl ae nal F and selecting with pyocines. Pyocines which 
were produced by the method of Farmer and Herman (34) were gener- 
ously donated by H. Van Den Elzen, Department of Medical Bacter- 
iology. Donor organisms were screened for initial sensitivity to 
pyocines by applying 25-uliter drops of undiluted pyocine to a 
lawn of test organisms on TS agar prepared exactly as for Kirby- 
Bauer disc antibiotic testing (8). The plates were incubated at 
37°c for 18 and 42 hours and if fewer than 20 colonies grew in the 
pyocine drop zone that pyocine was considered satisfactory for 
selection provided it failed to inhibit the recipient strain. 

For use in pyocine selection after mating, the pyocine was 


titrated with the donor and recipient strains. Volumes Ore, 1) al 
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containing 108 organisms were added to 1.9 ml volumes of serial 
twofold dilutions of the pyocine (in TS broth) and incubated in 
50 ml Erlenmeyer flasks at 37°C for 20 minutes with vigorous 
shaking; 0.1 ml volumes were applied to TS agar and incubated 
as above. The pyocine dilution allowing growth of fewer than 
20 colonies was used for selection after mating. E. coli was 
totally insensitive to the pyocine used. 


Pyocine selection of the resuspended broth matings in ts 


broth (Agoo = 0.5) was carried out by adding 0.1 mi of that material 
to 1.9 ml of the appropriate pyocine dilution selected as above 
and incubated as for the pyocine titration. Appropriately diluted 
0.1 ml volumes were added to MacConkey agar containing streptomycin 
(16.5 ug/ml) and to MacConkey agar for plate counts. The plates 
were incubated anaerobically. In some cases before the final 
plating the E. coli mixture was concentrated 20 foid by centri- 
fugation at 7000 x g. After selection by either method, about 10 
colonies were picked and tested for antibiotic susceptibility by 
the disc method (8). Frequencies are based in the total number 
of donor cells present at the initiation of mating. 

B. Growth in Medium Containing Drugs 

P. aeruginosa strain 931 was serially cultured in broth con- 

taining 500 ug/ml of streptomycin and in broth containing 125 
ug/ml of tetracycline. 

C. Minimal Inhibitory Concentration Determinations 


The test was done by convential tube dilution procedures. 
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The usual volume of medium was 2.5 ml (in 18 x 125 mm tubes) and 
the inoculum was 0.05 ml containing 1 x 10° organisms, The MIC 
was determined visually after incubation at 37.Cefor,15 hours, 
D. Antigenic Classification of R Factors. 

lic ePreparatiion of, Bacterial Antigen 

Ten, ml, ofp Pe re eee strains 280R679, 280R931 and 280RP4 
grown at 37°c to an absorbance of 0.5 at 600 nm (Beckman DBG 
spectrophotoneter ) were centrifuged for 10 minutes at 17,000 
x g in the Sorvall RC2-B centrifuge. The cells were washed once 
in saline, and recovered as above. The pellet was resuspended 
in 3.0 ml of saline and subjected to ultrasonic vibration with a 
Bronson Biosonik III (0.95 cm probe) for 20 seconds. 
2, Production and Preparation of Antibodies 

A mature rabbit was injected intramuscularly with 3.0 mi of 
a sonicated bacterial suspension. At weekly intervals for 3 weeks 
the rabbit was injected with another 3.0 ml of sonicated bacterial 
suspension. On the fourth week after the seirnsthinocklation. 
three times the normal amount of sonicated bacteria was injected 
into the rabbit. A week later a sample of blood was removed from 
the rabbit and the antibody titre was measured by making doubling 
dilutions of the serum with a final volume of 0.5 ml. One-half 
ml of the respective hybrid bacterial strain having an Agog of 
0.2 to 0.3 was added. The tubes were incubated at SO°Ge tomes 
hour, then kept at 49°C overnight. The titre of a serum, read 


the following morning was the highest dilution with visible or 


microscopic agglutination. 
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If the antibody titre was less than 1/640 at this time 
three to four times the amount of sonicated bacteria previously 
used was injected and the antibody titre was determined one week 
later after injection. Once there was a sufficient antibody 
titre, the rabbit was bled, the serum collected and absorbed with 
the recipient strain 280. Tweiity ml of P. aeruginosa strain 280 
having an absorbance at 600 nm of appr ximately 025 were centri- 
fuged at 14,000 x g in the Sorvall RC2-B for 1U minutes and the 
packed cells were resuspended in 0 mL foekseruns hist xture 
was incubated for 2 hours in a water bath with vigorous shaking 
and centrifuged as just described. The serum was cecanted into 
the sedimented bacteria from another 20 ml of broth and incubated 
as above. Next the mixture was kept at 4°G for 1 to 7 days and 
then centrifuged at 28,00G x g for 1 hour in the Sorvall RC2-R centri- 
fuge. To determine if all the antibodies directed against the 
antigens of 280 were removed, an agglutination reaction was per- 
formed using 0.1 ml of a 1/10 dilution of the absorbed serum in 
TS broth and 0.9 ml of P. aeruginosa donor strain and recipient 
strain -280 28 The tubes were incubated at 37°C in a water bath with 
vigorous shaking for 30 minutes then kept at 4°C overnight. 
The following morning the agglutination reaction was determined. 
This procedure of incubation, refrigeration and centrifugation was 
repeated until there was no microscopic agglutination of the 
serum with strain 280. 


3. Serological Test for Grouping of R Factors 
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The same method was used as described previously for 
detecting the presence of antibody directed against strain 
280 in absorbed serum, 

E. Analytical CsCl Gradient Centrifugation 

1. Growth Conditions 

The cultures were grown in TS broth overnight at 37°C 
in a water bath shaker. Stationary phase cells had an absorb- 
ance at 600 nm of at least 3.0 (Beckman DBG spectophotometer) 
whereas exponential phase celis had an absorbance between 0.3 
and.Oe5,. 
2. tisolation,or DNA 

DNA was prepared by the method of Cohen and Miller (20). 
At the appropriate stages of growth approximately 5 x 10 cells 
were centrifuged at 17,000 x g for 8 minutes in a Sorval RC2-B 
centrifuge. The packed cells were washed twice in 0.05 M Tris 
(pH.8.0) and resuspended in 10.0 ml of 25% sucrose in 0.05 M 
Tris HCl, 1.0 ml of freshly prepared lysozyme (10 mg/ml) and 2.0 
ml EDTA (0.5 M, pH 8.2). Following incubation for 10 minutes 
at 25°C, the resulting spheroplasts were treated with Brij-58 
to produce a final concentration of 0.5% (w/v). Lysates were 
then incubated with ribonuclease (final concentration 50 ug/ml) at 
37°C for 60 minutes. Following the incubation sodium dodecyl sul- 
fate was added to a final concentration of 0.2% (w/v). DNA was 
extracted three times with phenol that had been redistilled 
and subsequently equilibrated with 2xst. sal. cit. (standard 


saline citrate is 0.15 M NaCl, 0.015 M sodium citrate). The 
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extracted DNA was dialyzed against 2xst. sal. cit. containing 
0.01 M EDTA}“pH 8.0, prior to use for centrifugation studies. 
3. Centrifugation of DNA 

Centrifugations were performed in a Beckman Model EK ana- 
lytical ultracentrifuge equipped with a standard u.v. light 
Sources 9A Charcoal tilled Epon centerpiece, 12° mm, 4° single- 
sector was used. In the lower position was a quartz window and 
in the upper position was a 1° negative wedge. The cell was 
torqued to 120 inch pounds. The same cell was used for every 
run and it was filled with 0.7 ml of a solution containing CsCl 
in water and5 ug of DNA per ml. Concentrations of DNA were 
estimated spectrophotometrically, assuming that an absorbance 
of 20 at 260 nm is equivalent to a concentration of 1 mg/ml. 
The density of the solution determined pycnometrically was 
A ha ll 8 es g/ml. An An-D rotor was used. The speed control 
was set at 44,000 and in most cases speed was checked by the 
revolution counter over an extended period of time with an elect- 
ronic timer. Centrifugation was carried out for 25-30 hours 
at 25°C. Films were developed using routine methods under 
standard condition and were traced by a Beckman analytrol den- 
sitometer with film attachment. 
4, Calculation of Buoyant Density and GC Content 

Densities were calculated by using the position of standard 
DNA as a reference (82). The compositional density gradient 
was then used in the following equation to determine the buoyant 


density of the DNA at a distance r from the center of rotation. 


a a 
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Po = 
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density of standard DNA 


: : 4 -1 
speed of rotation in radians sec 


Yo = distance of standard DNA from center of rotation 


Chromosomal 


DNA of E. eolivand Proteus morganii were used 


as density markers both having a buoyant density of 1.710 alten 


C9206 


A linear relationship exists between buoyant density and 


ECatontent) (653 75,92). 
fromEnCcoli 


1.660 + 0.098(GC) 


pe 


Rased on a value of 1.710 fom? for DNA 


the following relationship is obtoined (329). 


OQ refers to buoyant density and GC to the mole fraction of 


( 


guanine plus cytosine. 


F. Preparative CsCl Density Gradient Centrifugation 


1. Growth Conditions for Labelling DNA 


To label DNA of P. aeruginosa with 


witheteitratedeliLr 


tritiated TIP the cells 


were grown in minimal medium (70). The composition of the medium 
is as follows: 
Base: 
NHjHoPO, «2. ee eee ecceeee Suey 
PE60, WSO OWNS MERTA, , 0.5 mg/1 
Ko TRO mixture oan. 1) eee 62/1 
Ho Oded. . Sheth Lae . Gee 850 ml 


The pH of the base was adjusted to 7.4 with 5N KOH and then 


sterilized. 


For the complete medium fifty ml of sterilized 
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glucose and fifty ml of sterilized MgS0,°7H)0 was added to one 
liter of the base. The concentrations of glucose and MgS04’° 7H20 
were 100 g/1 and 10 g/1 respectively. 
2 Labelling DNA with Iritiated TTP 

An attempt to label DNA from P. aeruginosa with tritiated 
TTP was made using the method of Moses and Richardson (63). 
Slight modifications of the method were made. Strain 931 was 
grown in minimal medium until the Agog (Beckman DBG spectro- 
photometer) was 0.3. Fifteen ml of these cells were centrifuged 
in an RC2-B centrifuge for 10 minutes at 17,000 x g. The sedi- 
ment was resuspended in 3 ml of 0.05 M potassium phosphate buffer 
(pH 7.4) and agitated for 10 minutes at 37°C with 1% toluene. 
The reaction mixture (6.0 ml) contained 70 mM potassium phosphate 
buffer (pH 7.4) 0.13 mM MgCl2, 1.3 mM ATP, 3.7 uM (PH)-TTP (4.5mCi), 
33°aM or dGre. dTTp,"d Crip, and “1.5 x 10? toluene-treated cells. 
After 15 minutes incubation at 37°C, 33 uM of cold TIP was added 
and the mixture was incubated for another 30 minutes. The cells 
were then washed twice in 0.05 M potassium phosphate buffer 
(pH 7.4) and resuspended in 0.4 ml of a spheroplast forming mix- 
ture {lme of lysozyme and 100 mg sucrose per ml *oOL LES bute 
(0.05 M Tris HCl, 0.005 M EDTA, 0.5 M NaCl pH B90) 3 PALterarncu— 
bationof the mixture for 10 minutes, 1.6 ml of 10% cold TCA-0.1 M 
PPi was added. Then the sample was divided in half. One sample 
served as a control for the total amount of label present, where- 
as the other was assayed for DNase sensitivity. The latter sample 


was neutralized with 0.02 N NaOH, andl ug/ml DNase was added. 
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After overnight incubation at 37°C, 2 ml of cold 10% TCA-0.1 
M PPi was added. Then the DNase treated and untreated samples 
were filtered through a Whatman GF/A glass filter (2,4 em) and 
washed three times with 3.0 ml of coid TCA-PPi, followed by 
three washes of three ml each with cold OeCl Mini SAtter the 
filters were dried, they were placed in counting vials con- 
taining 5.0 ml of toiuene scintillation Gliuid et .OererrO 40.1 2 
POPOP per liter cf toluene) and counted in a Beckman model 
LS- 250 anes scintillation counter. 
3. CsCl. Density Gradient Centrifugation Ciolei tiated. Le 

Labelled DNA 

The same procedure was followed as described above for 
labelling DNA and for the formation of spheroplasts. However aiter 
ten minutes of incubation at 37°C, the mixture was cooled in an 
ice bath for five minutes. Subsequently 0.2 ml of 2% sarkosyl 
was added and the mixture was drawn in and out of abpipette; 
four to five times. To 0.3 ml of the sheared eee ceiane 
CsCl and water was added till the final volume was 4.0 ml and 
the buoyant density was Lge wh. 02 eames The buoyant density 
was determined pycnometrically. Lysates were then centrifuged 
in a SW 56 rotor in a Beckman L-2 preparative ultracentrifuge. 
4, Growth Conditions for Labelling DNA with 32p 

For labelling DNA with 320% P. aeruginosa strain 931 was 
grown in low phosphate medium (LPM) according to a method 


modified by Cheng et al (17). 
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The pH was adjusted to 7.5, then sterilized. Various con- 


B 


centrations of phosphate i.e. 1 x lon NC ey oe TROP : 


Me Seca LO «M, 
5 x 1072 Mwere added to the low phosphate broth to determine 
the optimum growth conditions. 
Sue UupLakesor oa from the Medium 

The uptake of 32p by P. aeruginosa was determined by 
adding 5 uC/ml to a diluted culture in low phosphate broth 
having an absorbance of 0.1 at 600 nm. At intervals of an hour 
0.2 ml samples were removed and centrifuged in a Beckman 152 Micro- 
fuge for 5 minutes. Ten microliters of supernatant was added 
to 5.0 ml Brays scintillation fluid (13) and counted in a Beckman 
Model LS-250 liquid scintillation counter. 
6. Labelling of cultures with 32p 

Cultures to be labelled with 32p_ phosphate were grown 
overnight in low phosphate medium, In the morning the culture 
was diluted to an absorbance of 0.05 at 600 nm (Unicam SP 1800 
ultraviolet spectrophotometer) and radioactive phosphate (12.5 


uC/ml) was added. The culture was incubated at 37°C in a water 


bath with vigorous shaking until the Agog of the culture reached 
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7. Lysis of Radioactive Culture and Ethidium Bromide-CsCl 
Gradient Centrifugation 
Direct dye-buoyant density centrifugation of labelled 
lysates was carried out by the method of Bazaral and Helinski 
(9) Six ml of labelled cultures were washed twice in TES 
puffer (0.05 MNaC1-0.05 M Tris- 0.005 M EDTA pH 8.0) at 4C. 
The pellet was resuspended in 0.4 ml of a spheroplast- forming 
mixture < 1 mg of lysozyme, 500 ug of ribonuclease and 100 mg 
of sucrose per ml of SET buffer (0.05 M Tris,C.015 M NaCl, 
0.1 M EDTA pH 8.0) ) and incubated at 37°C for 10 minutes with- 
out shaking. The spheroplast preparation was cooled in an ice 
bath for 5 minutes. Subsequently the spheroplasts were lysed 
to release DNA by adding 0.2 ml of 2% sarkosyl, and gentiy mixed 
by drawing the preparation fnvouen 2,1 ml pipette: An additional 
0.4 ml of SET buffer was then added and the DNA was sheared 
by slowly drawing in and out of the pipette (20 times). A 
0.8 ml amount of the sheared lysate was added to 1.6 ml ethidium 
bromide solution (700 ug ethidium bromide/ml of phosphate buffer 
pH 7.0) and 3.0 ml of water. Crystalline CsCl (5.2 g) was added 
and, after mixing by inversion the solution was transferred to a 
cellulose nitrate tube and overlaid with sufficient light mineral 
oil to fill the tube. Samples were Oetriruced for 60 hours at 
40,000 rpm at a temperature of 20°C in a Ti-65 fixed-angle cent- 
rifuge rotor using a Beckman Spinco model L2 preparative uitra- 


centrifuge. Gradients were then fractionated by piercing the 


2 oS « 





















[9a3-shimbs3 mull td95 ‘bn swoiiv? evisorolbat to aleyl 4 
Holiegu? Prdined” Tas hbwr | 
beffailet to. tii rnquttsseds udiurioh innyoid-aeb ¢20710 ~ 
tteatialt bre lesaest to bortien ute vd joo belted ebw assaayl t' 2 
@QT wt sane Seiten’ itinn ‘outils tat fadef to bm ta (®) 
0% 26°08 Ne aDOE 200.0 are 1 20.0<IDen MH 20.0) ree bed 
Sain] -tealqeredge s Yo lm 3.0 of bebasqeuess aw tof faq ott 
we Gy) bie Sviolsvweds< Yo au 00% -omyaues! to ov I >) sxvoabe 
oe H Rre oteie M e050) +citun’ Pat to Im +89" hoeepel Be 
Siw esstrwa Of 462 OCR ze bars difant — t (O08 ty ATH UM FG 
sok ag nt bidoo> ee onige2cts i Jnatuotedys “ae gntdala juny 
bssel sine asaaiqnrsiing af) yisfuupsesde Langue 2 o% died 
bate (itnag hes .t¥sodune YS te ln’ t.6 gcthba vd AT eshaler oy “ia 
fsqebsi fhe fa S9Seqig io fo daugyh) wotfdnide qord Sig ga bao qd 
baakods wae AME ats bre hobhu We wae 144704 (32 jo fe #@ 
& Gears Of) “ssse¢te 4d Ye gun fas «i gaiwedb Viwole vd - 
merSriss im 8.f ot bolita enw avheyi besearte ails Yo tnvown fu £0 
tested statlgeoiq ta Im\ ob dmo'rd minitio a0 00%) notsghea siti 
, Bebbe atv iy 2.2) 1990 ontiferveyyo sabi in Ie Of bra (0.0 Be 
Tchenapaal Wer-obteten nthe en vd getzie vevhe hed 


b saptote dette veantte: tine ier tories aeeaanial 


; ‘iearnaer omen be pes 

















=) 





rep) 


= Py = 


bottom of the tube and collecting 60-70 fractions for each tube. 
8. Estimation of Radioactivity of 24P Labelled DNA 

The collected fractions were digested with 2 M NaOH at S726 
for at least five hours, neutralized, and then 20 ug of yeast 
RNA was added to each sample to act as a carrier. Subsequently 
the DNA was precipitated with 10% trichloroacetic acid, and fil- 
tered on Whatman's GF/A glass fiber filters. The filter papers 
were placed in an oven at 80°C until they were dry. The filters 
were then washed three times by dropping them into 20 ml of 1% 
trichloroacetic acid (v/v) for fifteen minutes. Aiter the papers 
were again dried in an oven at 80°C they were placed in counting 
vials containing 5 ml of toluene scintillation fluid (42 <PPO0} 
0.1 g POPOP per liter of toluene) and counted in a Beckman model 
LS-250 liquid scintillation counter. 
Electron Microscopy of R Factor DNA 

R factor DNA was isolated for electron méerostopy by dye- 
buoyant density centrifugation of cell lysates. DNA from 3 or 
4 pooled samples of the denser satellite band characteristic of 
covalently closed circular molecules was dialyzed against 500 
ml of 0.15 M ammonium acetate (pH 7.0) for four to five hours 
at 4°C. After dialysis single strand scissions were introduced 
into the DNA molecule by storage for seven days at 4°c or by 
DNase I treatment. For DNase I treatment 1-2 ug/ml DNA was in- 
cubated at 37°C with 0.1 ng/ml pancreatic DNase for 20 minutes. 


Grids for electron microscopy were prepared by the technique of 
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Kleinschmidt (47). A protein and nucleic acid solution was pre- 
pared containing 2 ug of DNA per ml, 100 ug cytochrome c per 
ml and ammonium acetate having a final concentration of 1 M. 
This solution was floated down a glass slide which served as a 
ramp leading to the surface of a trough containing 0725 M 
ammonium acetate. The extent of the protein film which formed 
was visualized by putting a few talcum particles on the subphase 
(0.25 M ammonium acetate) near the ramp. These were pushed along 
by the film as it spread out showing the boundaries of the film. 
Grids of 3 mm diameter covered with polyvinylformaldehyde were 
touched horizontally to the protein-nucleic acid monolayer on 
the surface of the trough. Using forceps the grids were removed 
from the monolayer and without delay was placed for approximately 
30 seconds in 5% uranyl acetate dissolved in 95% methanol, followed 
by two washes in 95% ethanol. 

Photographic negatives of the R factor were projected ona 


screen and the contour lengths were measured using a map measurer. 
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A, Host Ranges of P. Aeruginosa R Factors 

Table III demonstrates the ability of P.aeruginosa to act 
as a more effective recipient than E. coli. In strains 931 and 
3108, the frequency of transfer of P. aeruginosa R factors to ue: 
aeruginosa recipient strain 230etrerat—beast 10’ fold higher than 
with an E. coli recipient. In the case of 679 and 5265, the differ- 
ence in mating frequency between an E. coli or P. aeruginosa strain 
280 as recipients is much less pronounced. Thireyreetriction of the 
transfer of R factors by the host was not observed by Datta et al. -ior 
the R factor RP4 (25). Thus P. aeruginosa R factors especially 931 
and 3108 appear to represent a separate group ofUR factors) witha 
different host range than that of previously described R factors. 
Further evidence supporting host restriction has been presented by 
Bryan et al (14,15).-=R factors: 98 1tand 3108 have never been observed 


to transfer to an’E. coli recipient. 


B, Serologic Grouping of P. Aeruginosa R Factors 
An attempt to classify R factors in P, aeruginosa was made 
by serological studies. Antisera which were produced against R fac- 
tors 679 and 931 in strain 280 were absorbed with strain 280 as des- 
eribed, Little success was obtained in producing antibodies to the 
R factors RP4 and 5265 as agglutination titres were consistently less 
than 1/100. Using the two absorbed antisera, three different anti- 


genic classes of R factors resulted as shown in Table IV. Group IR 


factors reacted only with absorbed 280R931 antiserum; Group II reacted 
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TABLE III. Frequency of transfer of P. aeruginosa R factors to E. 


coli and F. aeruginosa recipients. 
ee — es ee ps 





Donor Recipients 
IP aeruginosa strain Reecols. P, aeruginosa strain 280 





| 280RP4 
| 280R931 
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only with absorbed 280R679 antiserum and Group IIT reacted with neither 
antiserum. Compatability studies carried out by Bryan et al re- 
vealed that 3108 and 931 belong to the same compatability group. Hence 
these compatibility results conflict with the results obtained by 
serological studies. Due to this problem, further serological studies 
were not pursued. 
C. Additional Studies on the P. Aeruginosa R Factors 

In addition to the property of host restriction P. aeruginosa 
R factor 931 has been shown to transfer resistance at a high frequency 
in strain 931 (Table III) and in recipient strain 1310 Clo je Liis 
is an unusual property as most other R factors transfer at a low fre- 
quency (25,26). However R931 exhibits more irregular behaviour in 
that in recipient strain 280 it transfers at a low frequency (Table 
III). Since R931 is an anomalous R factor the study Of Lt and 1Cs 
relationship to other P. aeruginosa was deemed necessary. Also R931 
represents a significant group of Pseudomonas R factors. Four of seven 
P. aeruginosa R factors examined belonged to this group (15). 
D. Analytical CsCl Gradient Centrifugation 

Densitometer traces of photographs taken after CsCl gradient 
centrifugation from strain 280 showed only a single peak (Fig. la). 
Strain 931 exhibited a satellite peak of 1.718 fon in addition to 
the major peak of chromosomal DNA (Fig. 1b). Following mating of strains 
931 and 280, analytical CsCl gradient analysis revealed a satellite 
band of density 1.718 o Jen? or 59% GC (Fig. 1c, Table VI). Thus, the 


acquisition of R factor 931 by 280 was accompanied by the appearance of 
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TABLE IV. Serological grouping of P. aeruginosa R factors based 


on agglutination reactions. 
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Group R factor Agglutination with antisera to 


280R6 79 280R931 


ere 


The antisera were diluted 1/100 in TS broth. 


Agglutination reactions were graded from 1+ to 4+ 
1+ indicates slight agglutination 
44+ indicates strong agglutination 


- indicates no agglutination 
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satellite DNA. Using the chromosomal DNA of E. coli and P, mirabilis 





as markers the buoyant density for the genome from 931 and 280 was 
determined to be 1.7255 g/cm? or 67% GC (Table V). This value agrees 
with values generally obtained for P. aeruginosa Strains, (53) 
Equilibrium centrifugation profiles of DNA isolated from 
three other P. aeruginosa strains are seen in BPies: It and lif. Straans 
3108 and 5265 exhibit a satellite band at 1.716 g fein? and). /ic e/om 
respectively (Fig. IIa and IIb, Table VI). However no satellite band 
was seen in P. aeruginosa strain 280R679 (Fig. III). After mating 
strain 280R679 with E. coli K-12 F (ATCC 14948) a satellite peak 
could be demonstrated having a buoyant density of 1.719 e/cm> (tae 


IlIb, Table VI). Figure Illa shows no such satellite peak in E. coli 





R-i20F) price to conjugation. “This situation is similar to that des- 
cribed by Grinsted et al. (39) for R factor RP4. No satellite band 
was detected in traces of photographs after CsCl gradient centrifugation 
of DNA from P. aeruginosa strains containing RP1 but was seen in EL. 
coli sstrains containing the R factor. Furthermore the buoyant den- 
sities of RP1 and R679 are the same. The apparent absence of a satel- 
Tite of density 1. 7/19 e/om? after analytical CsCl gradient centri- 
fugation of DNA from strain 280R679 could be due to insufficient re- 
solution by our equipment. 

R factors 931 and 5265 have buoyant densities Similars toute 
value obtained by Grinsted et al. (39) fox R factor RPL. Finley and 
Punch (35) described two satellite bands for a P. aeruginosa strain 


31. The R factors 931 and 5265 have the same buoyant density as one 
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FIGURE I. 
Analytical CsCl gradient centrifugation of DNA from P. aeruginosa 
strains. Samples of DNA were centrifuged to equilibrium in Geel 
and then ultraviolet photographs were taken and eaeed with a 
densitometer, 
Trace (a) DNA from strain 280; 
Trace (b) DNA from strain 931; 


Trace (c) DNA from strain 280R931. 
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TABLE V. Buoyant density of chromosoma] DNA from P, aeruginosa 











—— ey 


Buoyant Density 


(g/em?) 





1.7255 + 0.001 | 
1.7255 + 0.0005 | 


3108 | 1.726 + 0.001 








The values shown for buoyant density indicate 


two standard deviations. 
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TABLE VI. Buoyant density of R factor DNA from P. aeruginosa 
R factor Buoyant Density 
(g/cm ) 
| 93)" Tey oer 10,0005 
5265 Tle 0.001 
| 3108 1.716 + 0.001 
679 9a). O0L 


O3ie= l'76 transtexs 
in streptomycin? 


O31) >) 126 transters 


ee eee ee es 


in tetracycline® tf t6 40,0005 


anne 





a - see methods for procedural details 
The values shown for buoyant density indicate two 


standard deviation. 
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ELCURES LD. 
Analytical CsCl gradient centrifugation of DNA from strains of Lge 
aeruginosa, 
Trace (a) DNA from strain 3108, and E. coli which was used as marker. 


Trace (b) DNA from strain 5265. 
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FIGURE IItl. 
Analytical CsCl gradient centrifugation of DNA from E. coli and P, 


aeruginosa. 


Trace (a) DNA from E. coli K-12, 5); 
Trace (b) DNA From Em cOli ROO: 


Trace (c) DNA from P. aeruginosa strain 280R679, 
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Of the satellite bands of strain 31, i.e. 1.718 g/em>, A second 
satellite band was not detected with either strain 931 or 5265. 

A buoyant density of 1.716 ear for 3108 is surprising 
because compatability studies suggest that R931 and R31G68 are mem- 


bers of the same compatability group (15). 


E, Labelling DNA with °H-TTP. 

Moses and Richardson (63) reported DNA synthesis in E. 
coli treated with toluene. Such cells maintain many of their physio- 
logical functions but have become permeable to deoxyribonucleoside 
Sian Although these cells are no longer Viable, it: has 
been possible to obtain extended semi-conservative replication, and 
to distinguish this process from a repair type synthesis. DNA in P. 
aeruginosa cannot be selectively iabeiled with either thymine or 
Cremidines Therefore, an attempt was made to label R factor DNA with 
3H- TTP. When P, aeruginosa strain 931 was treated in a similar manner 
to that described above for E. coli to obtain labelled DNA, there 
was 10,097 cpm in the cell lysate that was DNase sensitive (Table VII). 
However preparative CsCl gradient centrifugation of these lysates re- 
vealed no labelled peaks. Thus, there was no detectable DNA 
labelled by this method. This could be due to differences in the cell 
wall between P. aeruginosa and E, coll. Under toluene treatment, 


the P. aeruginosa cell wall may not become permeable to nucleotides. 


—_—s 


1 Unpublished experiments, bryan Does 
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TAGS, AYALIE DNase sensitive counts in strain 931 after treatment 


with toluene and exposure to 34-TTP. 









cpm/3.0 mi 


Before DNase treatment 
After DNase treatment 


| 
11,518 | 
Net 10,097 | 


Toluene treated strain 931 cells were incubated in reaction 
mixture containing phosphate buffer, Mett, ATP CdA TP CGIP, Lip, ecCIrs 


3y-TTP. After incubation the cells were washed and lysed. Then 


and 
an aliquot of the cell lysate was treated with DNase. TCA was added 
to the treated and untreated cell lysate. The samples were filtered 


and after three washes, the filters were dried and the radioactivity 


measured. 
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F. Growth Conditions for Labelling DNA with 32p | 

Figure IV. shows the growth curve of strain 931 obtained 
by the addition of various concentrations of Na HPO, to low phos- 
phate growth medium. Of the various added phosphate concentrations 
the addition of 1 x 107> sodium phosphate buffer (pH 7.4) to the 
medium produced maximal growth of strain O3leee Thies concentration oF 
sodium phosphate was chosen for labelling DNA with because it 


allowed growth of strain 931 to 2.5 Agogo unit before a phosphate 


deficiency occurred which limited growth. 


G. Uptake of ae from the Medium. 

The uptake of 32p by strain 931 grown in low phosphate medium 
is seen in Table VIII. Labelling studies of DNA were carried 
out in log phase cells which have an 0.D.699 Ofen0e 1m OFdex elo 


increase the specific activity of the labelled DNA, the amount of 


32p was increased 2.5 foid over the conditions shown in Table VIII to 


i7e5 UG per mi. 


H. Ethidium Bromide-CsCl Gradient Centrifugation. 

Covalently closed circular DNA can be separated from other 
conformations of DNA on Souci bromide-CsCl gradient centrifugation. 
This observation has been used to isolate R factor DNA . Lysates of 
P. aeruginosa strain 931 labelled with 32p were analyzed by ethidium 
-bromide-CsCl gradient centrifugation. Figure V illustrates a ma jor 
band and a minor peak on the more dense side of the main band in- 
dicating the DNA was in the covalently closed circular form, In 


several repeated trials, the ratio of radioactivity in the satellite 
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FIGURE IV. 


Growth curve of strain 931 in low phosphate medium containing 


various phosphate concentrations. 
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TABLE VIII. Amount of P remaining in the supernatant at various 


times of growth of P. aeruginosa strain O31. 



















ae (hr) 


% of cpm remaining in 


supernatant 





| 133,264 
ey 117,098 87.9 
4.5 89 226 67.0 
6.5 15,053 13 
| o5 one 
| 


32p , At regular in- 


Strain 931 was grown in LPM containing 
tervals, 0.2 ml samples were removed and centrifuged. Ten ul of 


supernatant was added to Bray's scintillation fluid and counted. 
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Ethidium bromide-CsCl gradient centrifugation of DNA from strain 


Preparative centrifugation of strain 931 DNA labelled with 32p 
isolated by detergent lysis, and centrifuged in CsCl in the presence 


of ethidium bromide. Note the change of scale at fraction 20. 
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band to that in the main band was 5.5%. 


I. Electron Microscopy 

Electron microscopic examination of R factor DNA revealed 
two distinct sizes of DNA molecules (Plates I to TII). Before DNase 
I treatment or storage, the majority of the molecules were super- 
twisted forms of DNA (Plate I and Plate Illa) whereas after treatment 
with DNase I or storage for seven days at 4°C most of the molecules 
were converted to the open circular form (JablesIx, Plate IT and Plate 
IIIb). The small molecule of DNA is distinguished from fragments of 
chromosomal DNA by the method used in jsolation, the uniformity of 
length, the presence of forms intermediate between covalently closed 
circular and open circular, and the effect of DNase I (Table IX). 

In Table X, the lengths of the two major sizes of DNA as 
determined by measuring the contour leneth of projected photographic 
negatives. Based on a value Ot eo OL aoe 10° daltons/um (51), the larger 
molecule has a molecular weight of 25 x 10° daltons and the smaller 
molecule 1 x 10° daltons. The relative proportion of the sizes is 
about 3.6 to 4.6 small DNA molecules to 1 large DNA molecule (Table X). 
Estimations of the relative proportions of the DNA molecules is sub- 
ject to error because the larger molecule is probably more susceptible 
to nicking and thus fewer molecules would be isolated by ethidium 
bromide-CsCl gradient centrifugation. Occasional circular molecules 
about 35 um, 1.0 um, and 1.5 um in size have been detected. 

The relationship between the two major molecules is at 


present unclear. The small size of the 0.5 um molecule and the error 
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PEATESL. 


Electron micrographs of twisted circular molecules isolated 


fromestrain 93). Bar represents 1 um. 











Pe BU 


Electron micrographs of R factor DNA taken from satellite band 
after dye buoyant density centrifugation of strain O31 PSupera 
twisted forms and open circuiar forms of the large and smali mole- 


cules are shown. Large open circular molecuie has a contour 


length of 12.0 um. Bar represents 1 um. 
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PLATE Iii. 


Small circular DNA from strain 931 before (a) and after (bd) treat- 


ment with deoxyribonuclease 1. Bar represents ] um. 





- 50 - 


TABLE IX. Effect of DNase I on molecules isolated by ethidium 


bromide-cesium chloride gradient centrifugation. 











Molecule size Conformation 


or ratio of molecules 


80 
152 
764 


90 


$small/ #large 854/239 


(3.6/1) 


$small oc/ @large 


Pre-DNase 


ree 


Post-DNase 


12 
104 
238 


299 


537/116 


(4.6/1) 


299/116 


(2952) 


a _ a unit of area of the grid was counted for both oc and ccc forms 


of DNA. 
- covalently closed circular 


- open circular 


| 
| 
Number of Molecules® | 


pee NEE EO CL CL LCL CL 
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of measurement of the larger molecule (Table X) prevents any con- 
clusion of the former molecule being integrated with the latter 
molecule. However, the large excess of small molecules relative to 
the 12 um molecule tends to rule out a 1:1 relationship between the 
small and large molecules. The possibility remains that the tex 10° 


dalton molecule could have a completely separate function. 


J. DNA Content in Satellite Bands Under Various Growth Conditions 

The percentage of the total DNA represented by R factor DNA 
estimated by planimetry of densitometer tracings is shown in Table 
XI. These estimations were based on the assumption that the peaks 
were symmetrical in shape. Considering the inherent error present in 
these measurements (Table XI), it appears that 5205, 931, and P10s 
have similar percentages of R tactor DNA in stationary phase. The 
content of R factor DNA in 6/79 is different from the above three R 
factors since it cannot be detected in 280 (Figure IIIc). However, 
R679 in E. coli K-12 F represents 4%, of the total DNA. This value 
is similar to other values reported for the percentage of R factor 
DNA in E. coli (20578): 

The percentage of R931 in 280 in stationary phase value is 
surprising since this value is approximately four fold greater than 
that obtained for R931 in strain 931. Probably R931 is subject to a 
different control mechanism in these two hosts. Another difference 
between the two strains is that R931 acts derepressed for conjugation 
in strain 931, whereas in strain 280, it acts repressed (Table IIT). 


Thus R factor 931 was studied in the naturally occurring state host 


a 
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TABLE X. Contour length measurements, molecular weights and 
relative frequency of episomal DNA from P. aeruginosa 


——— 


strain 931. 


— ———————————— aan 





| | 
| Number of Contour Molecular Relative | 

molecules length + weight frequency? 
| measured© SSD? (um) (Mdal) | 
| | 


———— 











a - SSD, sample standard deviation 
b - based on 653 molecules 
c - rare Molecules of other sizes, occurred but represented 


<0.01 relative frequency. 
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TABLE XI. Content of R factcer DNA relative to chromosomal DNA 















+--+ 


R factor Host strain Growth Phase | R factor DNA® 





logarithmic 


stationary 












stationary a 


stationary not detected 
stationary ra 


stationary 







stationary 


a - R factor DNA is expressed relative to total DNA. Values are 
based on 5 or more planimetry measurements of one or more 
separate CsCl centrifugations. 


b - sample standard deviation. 
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i.e. strain 931 so that further studies could be carried out to com- 
pare the effects of other host strains on R931. 

R factor DNA in 931 declines from 18% in logarithmic phase 
to about 11% in stationary phase (Table XI, Figure VI). Due to the 
presence of a shoulder in the CsCl centrifugation profile of DNA in 
stationary phase, there is a Taree error in the measurement of peak 
area. However, the value obtained for the percentage of Ritactor 
DNA in stationary phase cells was reproducible in all three separate 
determinations. Thus this apparent decline of R factor DNA in 
stationary phase celis is surprising because it does not resemble 
any of the other R factor systems. 

In Proteus mirabilis, there is a definite increase in the 
percentage of R factor DNA in stationary phase (20,78), whereas in 
E. coli there is either no change (20) or a very small increase C73) 
in the percentage of R factor DNA. 

Table XII shows the percentage of R factor DNA when 931 is 
grown in the presence of antimicrobial agents. After 60 or 126 sub- 
cultures of strain 931 grown in the presence of streptomycin the per- 
centage of R factor DNA increases to 23% in both log and stationary 
phases (Table XII). When 931 is subcultured 60 times in the presence 
of tetracycline, the percentage satellite DNA increases to 17%, where- 
as after 126 subcultures in tetracycline the percentage of satellite 
DNA increases to 22% (Table XII). Thus the rate of increase in the 
percentage of satellite DNA is slower when 931 is subcultured in the 
presence of tetracycline than in streptomycin, After exposure to 


either drug there is no evidence for change in the buoyant density of 
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FIGURE VI. 
Analytical CsCl gradient centrifugation of DNA from exponential 


(a), and stationary (b) phase cultures of strain 931. 
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the R factor DNA (Table VII). 

The increase in the amount of R factor DNA after exposure 
to tetracycline or streptomycin differ from the results obtained by 
Finley and Punch (35). After several subcultures in a medium con- 
taining chloramphenicol there was no change in the amount of satellite 
DNA or buoyant density in a P. aeruginosa strain containing satellite 
DNA. Unfortunately Finley and Punch were unsuccessful in their attempt 
to transfer the satellite DNA to E. coli. This is not unlikely in 
view of the inability to transfer R931 to E. coli. Thus, this does 
not exclude the possibility of R factors. However, im a survey of 
P. aeruginosa R factors no evidence of transferable chloramphenicol 
resistance has been petecced Thus it seems possible that Finley 
and Punch have not examined the effect of a drug containing medium on 
R factor DNA containing resistance for that drug and their results at 
present are not comparable. 

The effect of drugs on strain 931 are at variance with the 
effects of drugs on R factors in E. coli and P. mirabilis. When E. 
coli is subcultured in the presence of a drug to which the R factor con- 
fers resistance there is no change in the relative DNA content or in 
buoyant density. On the other hand, in P. mirabilis there is an in- 
crease in the amount of R factor DNA and a change in buoyant density 
of the satellite DNA (78,79,80). This phenomenon occurs after mul- 
‘tiple subcultures in the presence of chloramphenicol, but not in the 
presence of tetracycline. Resistance to both drugs is mediated by the 
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1 Unpublished results, Bryan, Lk: 
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FIGURE VII. 

Analytical CsCl gradient centrifugation of DNA from P. aeruginosa 
strain 931 after being serially subcultured in the presence of drugs. 
Trace (a) 60 serial subcultures in medium containing streptomycin 
Trace (b) 126 seriai subcultures in medium containing Streptomycin 


Trace (c) 60 serial subcultures in medium containing tetracycline 


Trace (d) 126 serial subcultures in medium containing tetracycline 
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TABLE XII. Relative R factor DNA content in P. aeruginosa strain 


931 grown in the presence of antimicrobial agents. 


en annnninEEEnEeneeEneanamneentnt 













Number 

of serial Drug Growth Phase Satellite DNA‘ 

subcultures ouae ssp? 
60 Streptomycin Stationary ene, 
126 ut | 23 eo | 
126 Logarithmic 230 | 
60 Tetracycline Stationary i ates we 
126 A o Vi is) 

2 2 ee ae -cxecreimmpennnaneninas manne 


a - R factor DNA expressed relative to total DNA, Values are based 
on three or more planimetry measurements of one or more separate 
centrifugation. 


b - sample standard deviation. 
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K. Minimal Inhibitory Concentration 

Table XIII illustrates the minimal inhibitory values (MIC) 
obtained for streptomycin and tetracycline with strain 931 before 
and after serial subcultures in the presence of these drugs. The 
MIC of strain 931 was examined after 80 serial subcultures in the 
presence of tetracycline. Organisms that were subcultured more than 
80 times in the presence of tetracycline refused to grow after being 
stored at -20°C for five months. This could be due to a defective 
protein being synthesized after prolonged growth in the presence of 
tetracycline. 

The increased MIC after 126 serial subcultures in the pre- 
sence of stretomycin parallels the increase in the percentage of R 
factor DNA (Table XII). This phenomenon agrees well with other data 
where the R factor resistances involve antibiotic inactivation enzymes 
(50,78). Strain 931 inactivates streptomycin by producing an enzyme 
streptomycin phosphotransferase (14). There is a slight increase in 
the MIC of strain 931 after 80 subcultures in the presence of tetracy- 
cline. It is believed by Tseng and Bryan: that strain 931 expresses 
resistance to tetracycline by producing an inhibitor to tetracycline 
transport. In order for : strain to express tetracycline resistance, 
transport of tetracycline would have to be below a certain limit. Thus 
growth in the presence of a constant tetracycline concentration would 


-not be expected to increase the MIC as a further decline in transport 


ee eee 


1 Manuscript in preparation. 
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TABLE XIII. mic for strain 931 before and after serial subcultures 


in a drug containing medium. 


Number of serial MIC (ug/ml) 


_ subcultures in drugs Streptomycin Tetracyiine 





a - innoculum was 10° organisms; grown for 13 hay. 
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would probably not significantly increase tetracycline resistance. 
Similarly a major increase in R factor DNA would not be expected. How- 
ever, there is an increased percentage of R factor DNA and a small 
increase in MIC of tetracycline. The increase of R factor DNA appears 
to occur more slowly than that associated with streptomycin. The 
reason for the increase in R factor DNA with serial subcultures in 
tetracycline media is unknown. It is possible that more inhibitor or 

a new inhibitor for another transport system is produced. Also it is 
possible the slight increase in MIC could be accounted for by the 


error inherent in determining MIC values. 


L. Plasmid Copies per Genome Equivalent. 

Assuming that the molecular weight of the chromosome of E. 
coli which is pecgesy e'8 10? daltons (22) is similar to the molecular weight 
of the chromosome of P. aeruginosa, the number of plasmid copies 
per genome equivalent in strain 931 can be estimated. ‘From previous 
data the satellite DNA represents 18% in log phase cells and about 117% 
in stationary phase cells (Table XI). The relative frequency of small 
to large molecules is 4.1:1 (Table X). The molecular weight is 25 x 10° 

daltons and of the small molecule is 1 x 10° daltons (Table X). Based 
on these values the number of copies of plasmid DNA per chromosome is 
15 to 16 for the large molecules and 65 for the small molecules in log 
phase. The copy number declines to about 10 and 40 respectively in 
stationary phase. ct the molecular weight of the chromosome of P. 
aeruginosa is 6-7 x 106 daltons as reported by Leth Bak et al (52), 


the number of copies per genome in each growth phase increases 2 to 5 
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fold. This indicates that both molecules are under relaxed replication. 
Plasmids preserving a near unity relationship in copy number between 
the factor and the chromosome have been termed stringent (49) in the 
reguiation of their DNA replication. When there are ten fold or so 
more copies of the R factor than the chromosome, the replication of 


the DNA has been termed relaxed Ci7)= 
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The R factor 931 appears to be representative of a unique 
group of R factors. It does not transfer to E. coli unlike all other 
R factors described so far (26). Amother rare property is that 


R931 transfers drug resistance at a high frequency Lone 


tool sinedt 
least two hosts, i.e. 931 (Table TPL). andel310 (15) speThispiseun- 
usual in comparison to R factors which in general transfer drug re- 
sistance at frequencies between 107? and 1072. Im strain 280, the R 
factor 931 acts in a manner similar to the Col 1 system (69) and thus 
by inference seems subject to repression of fexrtilitys (CsCleand- 
lytical centrifugation shows no evidence of another plasmid present 
in 280 (Fig. la) which might produce the apparent repression. 

Another unusual feature of 931 is that the percentage of R 
factor DNA declines in stationary phasé (Table XI) cin contrast, other 
R factors have an increased amount of R factor DNA in stationary phase 
(20378979980) o0 eSince certain behaviour: of R931; "suchas the frequency 
of drug transfer, seems dependent to some extent on the host it would 
be interesting to look at the relative amount of R factor DNA in 
280R931 in log phase. So far the evidence shows approximately four 
fold more R factor DNA in strain 980 than in strain 931 in stationary 
phase (Table XI). 

When strain 931 is subcultured in the presence of streptomycin 
or tetracycline, the percentage of R factor DNA in stationary phase in- 
creases to 23% from about 11% in drug free medium (Table Kid). emimees 
mirabilis, the relative amount of R factor DNA increases in the presence 
of chloramphenicol put not in the presence of tetracycline (78,79,80). 


Resistance to both drugs in P. mirabilis is mediated by the R factor. 
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This phenomenon may represent one of two possibilities. The R factor 
931 may dissociate in the host strain 931 and the tetracycline gene 
may reside on the r-determinants rather than on the RTF as postulated 
fForere mirabilis. On the other hand if R931 does not dissociate, then 
there may be an increased size of the molecule by repeating sequences 
or more likely there may be an increased number of plasmid copies 
per genome. 

When 931 is exposed to streptomycin, the R factor DNA in- 
creases to about 23% in both stationary and log phases (Table XII). In 


Re mirabilis there is also an increase of R factor DNA in both phases 





of growth in the presence of streptomycin (78,79,80). however there 
is a greater increase in R factor DNA in stationary phase than in log 
phase in the presence of drugs (78,79,80). Studies on the behaviour 
of 280R931 after being serially subcultured in the presence of drugs 
would berof interest)to compare ‘the effects of the two hosts 280 and 
931 on R931 after being exposed to drugs. Paralleling the increased 
amount of R factor DNA in strain 931 after being subcultured in the pre- 
sence of streptomycin is an increaed MIC level (Table XIII). This is 
similar to other R factor systems involving antibiotic inactivation 
enzymes (50,78). | 

This uncommon behaviour of R factor 931 in the two hosts 280 
and 931 may be explained by a tentative hypothesis in which there is 
an initiator for R factor DNA synthesis produced by the large extra- 
chromosomal species and by various cellular repressors for R factor 
DNA synthesis. The initiator would be normally controlled by the host's 


cellular repressor. In 280R931, the repressor would be less effective, 
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allowing more R factor DNA to be synthesized in this host (Table XI). 
The decline in the percentage of R factor DNA 931 in stationary phase 
could be due to an effective repressor attaining sufficient levels 
in the late exponential phase, thus preventing further R factor re- 
plication. The decline in mating frequency with time in 280R931 could 
be due to another repressor synthesized by the host which inhibits 
translation of DNA. However this repressor would be absent in strain 
931. Also this repressor may account for the much lower MIC values 
obtained for 280R931 as compared to strain 931, even though 280R93] 
has an approximately four fold greater amount of R factor DNA than 
931 (Table XI). Im the presence of streptomycin and tetracycline the 
percentage of R factor DNA in 931 increases indicating that the cellular 
repressor controlling R factor replication could be sensitive to 
these drugs. The same relative amount of R factor DNA in log and 
stationary phase (Table XTI) may be due to R factor replication 
paralleling chromosomal DNA replication in absence of the repressor. 
Recently it has been reported that minicircular DNA in E. 
coli show homology with Col EI factors (38) WRAL hGs £16 vs possible that 
the 1 x 10° dalton molecular weight circular DNA in P. aeruginosa 
strain 931 represents r determinants. DNA of ‘similar molecular weight 
has been described in Shigella dysenteriae and paradysenteriae (43.81) 
but have no known function. Studies of homology between the small 
and large molecular weight DNA in strain 931 would be of much interest 
to determine if these molecules are related to one another. The mini- 
circular DNA could be separated from the larger DNA by sucrose gradients 


or by acrilamide gels. Demonstration of genetic homology is possible 
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through DNA:DNA hybridization studies using either radioactive labels 
or electron microscopy. In the latter the region of homology bet- 
ween the two strands of DNA can be seen, Homologous regions or 
heterologous duplexes can be seen as double-stranded regions of DNA 
whereas the non-homologous segments remain as single strands which 
can be distinguished by vigneesa microscopy both by thickness and con- 
formation. If homology exists between the large and small molecule 
it would be interesting to see if there is homology between the 
small molecule of DNA and the r determinants of P. mirabilis. 

Nine centrifugations of DNA from strain 931 on CsCi gradients 
were performed. None of these density profiles revealed more than 
one satellite band. Hence the failure to differentiate the large and 
small molecules of extrachromosomal DNA into two bands on CsCl 
gradients implies one of two possibilities. Both molecules may have 
very similar or identical buoyant densities or that the smaller mole- 
cular species is concealed by the chromosomal DNA. The satellite band 
obtained with DNA from 280R931 and log phase 931 strains is sharp. 
This represents either a single species of DNA or two species of ex- 
tremely close buoyant densities ne to the increased diffusion by the 
smaller molecular species. Thus the value of 1.718 g/om seems a satis- 
factory estimation of the buoyant density of the larger extrachromo- 
somal DNA species (25 x 10° daltons) in strain 931. 

It seems unlikely that the Pseudomonas aeruginosa R factors 
described here belong to the same group. Two R factors 931 and 3108 
transfer at high frequency to P. aeruginosa strain 280 while R679 and 


R5265 do not (Table III). In addition R5265 and R679 transfer resistance 
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to E. coli while R931 and R3108 do not (14,15). An attempt to classify 
the R factors serologically was only partially successful. Problems 
with the immunogenicity occurred with 280R5265 and 2808P4. Three 
groups were defined but some of the results conflicted with the re- 
sults of compatability studies done in the laboratory (15). The com- 
patability studies showed R3108 and R931 belonged to the same com- 
patability group. A compatability group is defined by the effect of 
the introduction of a second R factor into a strain containing a re- 
sident R factor. The resident R factor will significantly reduce the 
transfer frequency of the introduced R factor if the plasmids are 
closely related or permit stable coexistence if the plasmids are un- 
related. Serological reaction in the past have been useful to produce 
subtypes of major R factor compatability groups (269 

The relationship of Pseudomonas R factors to those of the 
Enterobacteriaceae is vague. Investigation by compatability studies 
would be difficult due to the limited host range of Pseudomonas R 
factors. Similarly E. coli R factors transfer very poorly to P. 
aeruginosa. Homology studies of the R factors appear to be the most 
useful approach to this problem. 

A physical difference between E. coli and P. aeruginosa R 
factors is their buoyant density or GC content. P. aeruginosa R factors 
have similar buoyant densities ranging Prom 1 r7l6 (571% GG) to L.7i2 
e/em> (59% GC) (Table VI). However, E. coli R factors have lower 
buoyant densities. E. coli R factors have a value of 1.708 (49% GC) 
0 eo ila g/m? (52% GC) (20,21,50,67,68) except for R6K which has a 


value of 1.704 g/m (457, GC)) (50)... The buoyant density for P. 
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aeruginosa R factors of this study is closer to the value obtained 
for RP1 which is 1.719 g/cm’. 

Although the GC content of R931 igsimilar to that of RPI, 
the size of 931 is much less than that for PD go i actor 931 hase 
molecular weight of 25 x 10° daltons (Table X). -No evidence has 
been presented of a small molecular weight DNA species (1 x 10° daltons) 
associated with RPI. 

The size of R931 is extremely different from E, coli R 
factors, except for R6K which synthesizes penicillinase. Generally 
E. coli R factors have.a. molecular. weight,.of, 38\to 9/0 mitlion daltons. 
The exception R6K is the smallest known R factor that is capable of self 
transfer and that has fertility characteristics. This E. coli R 
factor has a molecular weight of 26 x 10° which is similar to 931 
G2_ X& 10° daltons). R6K has been shown to produce catenated DNA which 
represents 5-10% of the total R factor DNA. Only the occasional dimer 
has been detected in 931. The buoyant density of R¢K is very much 
less than that of R931. 

Possibly the difference in R factors from P. aeruginosa and 
those from E. coli lie in the transfer moiety. R factors from E. 
coli 222, Rl and R6 are similar. The segregation pattern in Proteus, 
and particularly their molecular size and their segregant molecular 
size are similar. However their origins and patterns of resistance 
are different. Factor 222 (101) isolated in Japan (65) carries 1e- 
sistance to sulphonamide, streptomycin, A ieernenentcels and tetra- 


cycline. Rl originated in the United Kingdom (4) and determines re- 
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sistance to sulphonamide, streptomycin, chloramphenicol, kanamycin, 

and ampicillin whereas R6 isolated in Switzerland (18) carries 
sulphonamide, streptomycin, chloramphenicol, tetracycline, kanamycin 
and neomycin resistance. Hence these eeographically and phenotypically 
distinct R factorg may have at least the same transfer factor moiety. 
A preliminary report by Sharp relkal (18) shows homology of Col ize 

Rl and R6 with the same region of F. Rl and R6 show extensive homo- 
logies over their total length. Thus it is possible that P. aeruginosa 
has a different transfer factor moiety from the R factors in E. coli. 
This may account for the higher CC content of the R factor, the smaller 
size of the R factor and the lower frequency of drug-resistance trans- 
fer touk coli recipients than to Ra aeruginosa recipients. Homology 


studies between the Pp. aeruginosa R factor and the transfer unit oL 


one of the R factors from E. coli would be of interest. 
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